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©  Injector  cleaning/testing  apparatus. 

©  Injector  cleaning/testing  apparatus  is  arranged  to 
enable  electrically  actuated  injectors  to  be  cleaned 
and  tested  whilst  in  situ  on  an  engine.  The  apparatus 
is  connected  to  the  fuel  supply  system  (12,  13,  15) 
of  the  engine  which  feeds  fuel  and/or  cleaning  fluid 
to  the  engine  injectors  (1  1  ).  Measuring  means  (5)  is 
also  provided  for  measuring  the  rate  of  flow  of  fuel 
through  the  injectors  (11).  Fuel  is  pumped  to  pres- 
surise  the  supply  of  fuel  to  the  injectors;  the  pres- 
sure  is  measured  and  the  rate  of  change  of  the 
pressure  is  determined  as  an  injector  is  opened 
thereby  determining  the  rate  of  flow  through  the 
injector.  The  apparatus  also  includes  an  arrangement 
whereby  the  engine  fuel  supply  pump  (13)  is  used 

«■  during  cleaning  and  an  arrangement  (42-48)  by 
^   which  the  injectors  (11)  may  be  actuated  in  different 

fs,  modes  without  disconnection. 
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INJECTOR  CLEANING/TESTING  APPARATUS 

This  invention  relates  to  apparatus  for  cleaning 
and  testing  fuel  injectors  particularly,  but  not  exclu- 
sively  the  fuel  injectors  of  internal  combustion  en- 
gines. 

Fuel  injectors,  particularly  electrically  actuated 
fuel  injectors  of  internal  combustion  engines,  be- 
come  coated  on  their  surfaces  which  are  in  contact 
with  the  fuel  and  this  impairs  the  efficiency  of  the 
injectors.  Hitherto  such  injectors  have  proved  dif- 
ficult  to  clean  and  often  it  has  been  found  neces- 
sary  to  discard  the  injectors  rather  than  clean  them. 

In  some  cases  cleaning  has  been  effected  by 
removing  the  injectors  from  the  engine  and  sub- 
jecting  them  to  a  cleaning  operation.  However  the 
removal  and  replacement  operations  are  time  con- 
suming.  Accordingly  it  has  been  proposed  in  Brit- 
ish  patent  specification  No.  2117048  to  clean  and 
test  the  injectors  while  they  remain  in  situ  on  the 
engine.  An  object  of  the  invention  is  to  provide 
improvements  and  modifications  to  such  earlier 
proposals. 

According  to  the  invention  injector 
cleaning/testing  apparatus  comprises  supply 
means  for  connection  with  the  fuel  supply  system 
of  a  vehicle,  the  supply  means  being  arranged  to 
feed  fuel  and/or  cleaning  fluid  to  the  fuel  supply 
system  for  discharge  through  vehicle  fuel  supply 
injectors;  actuating  means  for  the  injectors  whereby 
the  injectors  are  individually  actuable;  measuring 
means  for  measuring  the  rate  of  flow  of  fuel 
through  individual  injectors;  and  control  means  for 
controlling  the  operation  of  the  supply  means,  the 
actuating  means  and  the  measuring  means;  the 
measuring  means  including  pump  means  for  pres- 
surising  the  supply  of  fuel  to  the  injector  valve 
means  for  isolating  the  pressurised  fuel  supply, 
and  pressure  measuring  means  for  measuring  the 
pressurised  fuel  supply  to  the  injectors,  the  pres- 
sure  measuring  means  being  coupled  to  calculating 
means  whereby  the  rate  of  change  of  pressure 
detected  by  the  measuring  means  is  calculated  so 
that  when  the  valve  means  is  operated  and  an 
injector  is  actuated  to  an  open  condition  to  pass 
the  pressurised  fuel  therethrough  the  calculating 
means  provides  a  signal  according  to  the  rate  of 
change  of  the  fuel  pressure  which  corresponds  to 
the  rate  of  flow  of  fuel  through  the  injector. 

Preferably  the  measuring  means  includes  pres- 
sure  regulating  means  whereby  the  fuel  pressure  in 
the  supply  to  the  injectors  is  at  a  predetermined 
value  prior  to  actuation  of  the  selected  injector. 

Conveniently  the  control  means  is  arranged  to 
operate  the  actuating  means  to  open  the  injector 
for  a  predetermined  period,  for  example  two  or 
three  seconds,  during  measuring  of  the  rate  of  flow 

through  the  injector. 
According  to  one  arrangement  the  supply 

means  includes  container  means  for  containing  a 
cleaning  fluid,  a  fuel  line  communicating  between  a 

5  fuel  pump  on  the  vehicle  and  the  container  means, 
a  further  fuel  line  for  communicating  between  the 
container  means  and  the  fuel  injectors,  and  valve 
means  for  directing  and  controlling  the  flow  of  fuel 
and  cleaning  fluid  in  accordance  with  the  operation 

10  of  the  control  means,  whereby  fuel  from  the  vehicle 
fuel  pump  is  arranged  to  cause  the  cleaning  fluid  in 
the  container  to  pass  through  and  clean  the  injec- 
tors  and  fuel  and  operate  the  engine. 

Preferably  the  fuel  line  to  the  container  means 
75  includes  a  regulator  which  regulates  the  pressure  in 

the  fuel  by  returning  excess  fuel  from  the  pump  to 
the  vehicle  fuel  supply  tank. 

The  control  means  for  the  injector  is  preferably 
capable  of  energising  the  injector  in  an  open/closed 

20  cycle  equivalent  to  its  normal  operating  mode  dur- 
ing  engine  running,  and/or  to  a  constantly  open 
condition. 

According  to  a  preferred  arrangement  the  in- 
jector  actuating  means  comprises  electrical  con- 

25  nection  means  for  connection  to  the  electrical  con- 
tacts  of  each  injector,  a  source  of  electrical  power 
communicating  with  the  connector,  switch  means 
for  connecting  the  connector  selectively  with  elec- 
trical  control  and  supply  means  of  the  vehicle  with 

30  which  each  injector  is  normally  associated  or  with 
other  control  means  whereby  each  injector  can  be 
individually  actuated  and  controlled  according  to 
the  desired  mode  of  operation  of  the  injector  with- 
out  disconnection  of  the  electrical  connection 

35  means  from  each  injector. 
Conveniently  the  apparatus  includes  electrical 

display  means  whereby  the  rate  of  flow  indication 
provided  by  the  calculating  means  is  visually  dis- 
played. 

40  The  energising  means  usually  takes  the  form 
of  a  harness  for  engines  with  multiple  injectors, 
each  injector  having  an  electrical  connector  attach- 
able  to  its  contacts  and  each  electrical  connector 
being  associated  with  switch  means  for  that  con- 

45  nector.  Thus  during  flow  measurement  the  individ- 
ual  injector  to  be  tested  may  be  energised  and  the 
other  injectors  deenergised  by  operation  of  the 
respective  switch  means.  During  a  cleaning  opera- 
tion  all  the  injectors  may  be  electrically  connected 

so  to  the  engine  injector  control  system  through  said 
harness  by  operation  of  the  switch  means. 

Further  features  of  the  invention  will  appear 
from  the  following  description  of  an  embodiment  of 
the  invention  given  by  way  of  example  only  and 
with  reference  to  the  drawings,  in  which: 
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a  return  line  23  from  the  fuel  rail  to  the  apparatus 
•  20. 

Referring  now  particularly  to  Figures  1A-1D  the 
apparatus  20  includes  circuitry  for  feeding  fuel 

5  and/or  cleaning  fluid  to  and  from  the  fuel  rail  15. 
The  apparatus  also  provides  the  facility  for  emp- 
tying  the  apparatus  of  fuel. 

In  the  circuitry  is  located  a  sealed  fuel  tank  25 
and  a  tank  26  for  cleaning  fluid  for  cleaning  the 

70  injectors  1  1  .  The  cleaning  fluid  tank  26  indues  inlet 
means  27  whereby  cleaning  fluid  can  be  poured 
into  the  tank  through  a  valve. 

The  apparatus  also  includes  normally  closed 
valves  2,  4,  5,  6  and  7  and  normally  open  valves  1 

75  and  8;  each  of  the  valves  being  controlled  to  open 
or  close  by  electrically-operated  control  means 
contained  within  a  housing  28  of  the  apparatus  20, 
as  will  be  described. 

The  circuit  includes  a  sensor  30  for  sensing  the 
20  pressure  of  fluid  in  the  circuit  at  the  location  of  the 

sensor  and  the  sensor  is  electrically-connected  to 
the  control  means  in  the  housing  28.  A  one-way 
valve  31  is  also  provided  together  with  a  pressure 
regulator  32.  A  pump  33  is  located  in  the  circuit  to 

25  pump  liquid  through  the  circuit  when  the  flow  rate 
through  the  injectors  11  is  to  be  measured  and 
when  the  system  is  emptied. 

A  fuel  pump  flow  meter  19  is  also  provided  to 
measure  the  rate  of  flow  from  the  pump  13. 

30  The  circuit  is  best  described  in  relation  to  each 
of  the  operative  steps  of  the  system  in  each  of 
which  steps  liquid  passes  along  a  different  path 
through  the  circuit  dependent  on  the  operation  of 
the  various  valves  1-8.  For  the  operation  steps  it  is 

35  assumed  that  the  fuel  inlet  and  outlet  lines  to  the 
fuel  rail  15  are  disconnected  and  the  apparatus  20 
is  connected,  as  shown. 

The  apparatus  can  be  used  to  effect  nornal 
running  of  the  engine  i.e.,  the  engine  can  be  run 

40  without  any  cleaning  or  flow  rate  measurement  of 
the  injectors.  During  this  phase  the  vehicle  pump 
13  is  employed  and  the  regulator  16  is  operative  so 
that  it  may  be  checked  if  these  items  are  faulty. 
Moreover  during  this  phase  all  the  valves  1-8  are 

45  deenergised. 
With  the  fuel  pump  13  operative  fuel  from  the 

tank  12  passes  along  the  fuel  line  14  into  the 
apparatus  20.  The  fuel  then  passes  to  the  fuel  rail 
15  after-  passing  through  the  valve  1.  Excess  fuel 

so  from  the  fuel  rail  15  passes  through  the  regulator 
16  through  the  valve  3  to  the  tank  25  to  fill  the  tank 
25  and  then  through  the  one-way  valve  31  back 
into  the  vehicle  fuel  tank  12.  This  path  is  as  shown 
by  thickened  lines  in  Figure  1A.  During  this  phase 

55  the  sensor  30  acts  to  sense  the  fuel  rail  pressure 
and  can,  therefore,  determine  whether  the  regulator 
16  and/or  pump  is  operating  correctly  and  at  the 
desired  pressure  setting  for  the  vehicle'  concerned. 

Figure  1A  shows  schematically  a  circuit  dia- 

gram  of  an  injector  cleaning  system  showing  the 
fluid  path  in  the  normal  running  condition  of  a 
vehicle  engine  with  which  it  is  associated. 

Figure  1B  shows  the  diagram  of  Figure  1A 
indicating  the  fluid  path  in  the  injector  cleaning 
cycle  of  the  system, 

Figure  1C  shows  the  diagram  of  Figure  1A 
indicating  the  fluid  path  in  the  flow  rate  measuring 
cycle  of  the  system, 

Figure  1D  shows  the  diagram  of  Figure  1A 
with  the  fluid  path  during  the  emptying  of  the 
system  indicated, 

Figure  2  shows  diagrammatically  the  associ- 
ation  of  the  vehicle  with  the  system  of  Figures  1A 
and  1D, 

Figure  3  shows  diagrammatically  an  external 
view  of  the  injector  cleaning  apparatus,  and 

Figure  4  shows  a  diagrammatic  view  of  the 
electrical  connections  to  the  injectors  from  the  in- 
jector  cleaning  apparatus. 

Referring  to  Figures  1A-1D  and  to  Figure  2  an 
injector  cleaning  system  utilises,  in  part,  the  vehicle 
fuel  supply  system  10  in  order  to  enable  the  fuel 
injectors  11  to  be  cleaned  and  checked  as  to  flow 
rate  while  they  remain  in  situ  in  an  operative  posi- 
tion  on  the  engine  (not  shown),  usually  a  vehicle 
engine.  In  this  case  the  engine  has  four  fuel  injec- 
tors  but  the  system  is  equally  applicable  to  engines 
having  different  numbers  of  injectors,  one  for  each 
cylinder.  The  fuel  injectors  are  of  the  kind  which 
are  electrically  actuated  to  open  and  close  in  re- 
sponse  to  engine  requirements.  Control  of  the  in- 
jectors  in  use  of  the  engine  is  by  an  electrical 
control  system  (not  shown)  associated  with  the 
engine  and  connected  by  leads  (Figure  4)  to  the 
injectors. 

The  engine  fuel  supply  system  10  includes  a 
fuel  tank  12  and  a  fuel  pump  13  mounted  on  the 
vehicle  and  normally  connected  through  a  fuel  line 
14  with  a  fuel  rail  15  carried  on  the  engine.  From 
the  fuel  rail  15  the  fuel  is  directed  to  the  injectors 
11  and  fuel  passes  through  the  open  injectors  11 
into  the  engine  cylinders.  The  fuel  pump  13  nor- 
mally  supplies  in  excess  of  the  requirements  of  the 
injectors  and  a  regulator  16  is  provided  down- 
stream  of  the  injectors  to  ensure  an  adequate  pre- 
determined  pressure  of  fuel  in  the  fuel  rail  15  and 
that  excess  fuel  is  returned,  normally  to  the  fuel 
tank  12,  through  a  return  line  17. 

In  the  use  of  the  cleaning  system  the  fuel 
supply  from  the  fuel  pump  13  is  led  to  cleaning 
apparatus  20  housed  in  a  housing  21  and  the 
return  line  17  is  also  connected  to  the  apparatus. 
Thus  fuel  from  the  pump  13  can  pass  to  the 
apparatus  20  and  the  apparatus  can  return  any 
excess  fuel  to  the  tank  12.  In  addition  the  appara- 
tus  20  includes  a  fuel  line  22  to  the  fuel  rail  15  and 
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noted  that  the  sensor  30  is  also  in  fluid  commu- 
nication  with  the  fuel  passing  to  the  fuel  rail  15. 

In  order  to  check  the  flow  rate  in  a  particular 
injector  1  1  pressure  is  set  up,  as  described,  in  the 

5  fuel  rail  15  and  when  the  pressure  has  settled  to  a 
predetermined  level,  determined  by  the  setting  of 
the  regulator  32,  the  valve  1  is  energised  and 
closed,  the  selected  injector  11  is  opened  for  a 
predetermined  time  of,  say  2-3  seconds.  During 

w  this  time  interval  fuel  is  passed  through  the  injector 
11  and  a  pressure  drop  occurs  in  the  fuel  line  to 
the  injector.  The  pressure  sensor  30  records  the 
pressure  drop  over  this  time  interval  and  signals 
the  pressure  drop  to  electronic  calculating  means 

75  (not  shown)  of  known  form.  The  calculating  means 
compares  the  pressure  drop  recorded  with  a  cali- 
brated  amount  to  give  an  output  signal  indicating 
the  flow  rate  through  the  selected  injectors.  The 
output  signal  is  displayed  on  a  visual  display  40  on 

20  the  apparatus  (Fig.  3).  The  valve  1  can  then  be 
deenergised  for  a  repeat  flow  rate  measurement  on 
another  injector. 

The  flow  rate  measurement  on  each  injector 
may  be  conducted  by  opening  the  injector  through- 

25  out  the  pressure  drop  sensing  operation  (static  test) 
or  by  actuating  the  injector  in  its  dynamic  mode 
i.e.,  by  a  rapid  opening  and  closing  sequence,  as 
in  normal  engine  operation.  This  is  achieved  by  the 
control  means  to  be  more  fully  described. 

30  The  flow  rate  measurement  cycle  is  repeated 
on  each  of  the  injectors  in  turn  until  all  have  been 
tested.  The  tests  determine  for  the  operator  which, 
if  any,  of  the  injectors  is  defective  or  inadequately 
cleaned. 

35  Referring  now  to  Figure  1D  the  apparatus  is 
emptied  of  remaining  fuel  after  the  cleaning  and 
testing  cycles  by  energising  the  pump  33  and  the 
valves  5  and  6.  Fuel  is  pumped  from  the  tank  25 
through  the  valve  6  to  the  vehicle  tank  12  since  this 

40  path  presents  the  easiest  route  for  the  fuel.  How- 
ever  since  the  tank  25  is  closed  to  atmosphere  first 
fuel  and  then  air  is  admitted  to  the  tank  through  the 
valve  5  from  the  cleaning  fluid  tank  26  which  is 
provided  with  an  air  vent  41  . 

45  The  apparatus  is  also  able  to  test  for  the  effi- 
ciency  of  the  vehicle  fuel  pump  13.  In  this  mode 
(not  illustrated)  the  valves  3  and  7  are  energised  so 
that  valve  3  is  closed  and  valve  7  is  open.  Valve  8 
is  energised  to  close  to  prevent  fuel  passing  to  the 

so  fuel  rail  15.  Thus  fuel  pressure  from  the  pump  is 
directly  transmitted  to  the  sensor  30  which  is  there- 
fore  able  to  detect  pressure  which  compares  the 
pump  1  3  efficiency  against  a  rated  value. 

A  further  test  is  possible  which  is  to  test  for 
55  fuel  leakage  in  the  injectors  1  1  .  In  this  case  valves 

3  and  7  are  energised  to  set  up  fuel  pressure  in  the 
fuel  rail  15  with  the  injectors  22  in  the  nominally 
closed  position.  Valve  1  is  then  energised  to  close 

Similarly  the  flow  meter  19  determines  the  pump 
13  flow  rate. 

Prior  to  operating  a  cleaning  phase  for  the 
injectors  the  injectors  may  be  individually  tested  to 
ascertain  whether  these  flow  rate  characteristics 
are  as  required.  Alternatively  flow  rate  checking 
may  be  conducted  only  after  an  injector  cleaning 
cycle  has  been  performed. 

A  cleaning  cycle  is  conducted  by  first  filling  up 
the  cleaning  fluid  tank  26  with  cleaning  fluid.  The 
fuel  pump  13  is  energised  together  with  valves  1, 
2,  3,  4  and  7.  Fuel  from  the  tank  12  is  passed 
through  the  valves  7  and  2  to  the  tank  26.  Entering 
the  tank  26  the  fuel  causes  pressurisation  of  the 
tank  and  the  cleaning  fluid  in  the  tank  to  leave  and 
pass  through  valve  4  to  the  fuel  rail  15.  The  injec- 
tors  11  are,  during  this  phase,  connected  for  nor- 
mal  operaion  by  the  vehicle  injector  contols  and 
the  cleaning  fluid  is  therefore  injected  into  the 
engine  so  that  it  runs  normally,  the  cleaning  fluid 
also  acting  as  fuel  for  the  engine  as  well  as  clean- 
ing  the  injectors  by  its  passage  therethrough. 

Since  valve  3  is  closed  the  cleaning  fluid  can- 
not  pass  along  line  23.  Any  excess  pressure  in  the 
fluid  is  dealt  with  by  the  regulator  32.  Excess  fuel 
pressure  causes  the  regulator  32  to  bleed  fuel  to 
the  tank  25  from  where  it  flows  through  the  one- 
way  valve  31  and  then  back  to  the  fuel  tank  12. 

Flows  through  the  circuitry  during  cleaning  are 
shown  in  Figure  1  B  by  thickened  lines. 

As  the  cleaning  cycle  progresses,  after  an  ini- 
tial  period  during  which  substantially  pure  cleaning 
fluid  passes  through  the  injectors  11,  there  follows 
a  period  when  a  mixture  of  fuel  and  cleaning  fluid 
is  used  in  the  engine.  During  a  final  period,  while 
cleaning  fluid  is  flushed  from  the  circuit,  there  is  for 
a  short  time  fuel  only  passing  to  the  engine.  Nor- 
mally  the  cleaning  cycle  is  allowed  to  continue  for 
a  predetermined  period  of,  say  ten  minutes,  to 
effect  complete  cleaning  of  the  injectors  11.  It  will 
be  appreciated  that  the  engine  is  run  off  the  vehicle 
fuel  pump  and  the  vehicle  injector  control  system, 
in  a  substantially  normal  oprating  mode,  during 
cleaning. 

After  cleaning  the  flow  rate  of  each  of  the 
injectors  may  be  tested  to  check  whether  the 
cleaning  operaton  was  successful.  The  flow  rate 
cycle  is  illustrated  in  Figure  1C  and  utilises  the 
pump  33  of  the  apparatus  instead  of  the  vehicle 
fuel  pump  13.  Valves  7  and  3  are  energised  by  the 
control  system  so  that  fuel  in  the  tank  25  is 
pumped  by  the  pump  33  through  the  valve  1  (when 
open)  to  the  fuel  rail  15.  Due  to  the  valve  3  being 
closed  the  fuel  cannot  pass  out  of  the  return  line  23 
from  the  fuel  rail  15.  The  pressure  of  the  fuel  to  the 
rail  15  is  controlled  by  the  regulator  32  and  excess 
pressure  is  relieved  through  the  valve  7  and  the 
regulator  32  back  to  the  fuel  tank  25.  It  will  be 
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flow  because  such  fuel  passes  directly  into  the 
engine  cylinder  and  the  fuel  is  potentially  damag- 
ing  to  the  engine.  For  example  unburnt  fuel  in  the 
cylinder  can  wash  away  lubricant  and  result  in 

5  engine  damage.  In  the  present  case  the  amount  of 
fuel  flowing  during  the  two  -  three  second  period 
required  is  small.  Moreover  it  has  been  found  that 
this  method  of  flow  rate  measurement  is  accurate 
and  compares  favourably  with  much  more  expen- 

io  sive  flow  measurement  devices. 
Provision  for  using  the  vehicle  pump  during  the 

cleaning  phase  of  the  apparatus  also  has  certain 
advantages.  Thus  it  is  ensured  that  the  correct  fuel 
is  used  in  the  engine,  the  apparatus  does  not  have 

75  to  be  separately  supplied  with  fuel  giving  a  safety 
advantages  in  the  workshop,  and  fuel  remaining  in 
the  apparatus  after  completion  of  a  cleaning  and 
testing  operation  is  readily  returned  to  the  vehicle 
tank. 

20  The  harness  arrangement  whereby  the  injec- 
tors  are  energised  selectively  by  the  control  means 
in  the  desired  mode  and  sequence  enables  the 
cleaning  and  testing  operations  to  be  conducted 
from  the  apparatus  without  the  requirement  to  dis- 

25  connect  or  connect  any  of  the  injectors  once  the 
apparatus  is  in  place. 

The  apparatus  also  provides  for  other  testing 
functions  such  as  vehicle  pump  operation  and  in- 
jector  leakage  to  be  conducted  which  are  otherwise 

30  difficult  to  achieve  in  vehicle  workshops. 

and  the  sensor  30  then  detects  any  reduction  in 
the  fuel  pressure  in  the  fuel  rail  which  indicates  that 
fuel  is  leaking  through  one  of  the  injectors  11. 

Referring  now  to  Figures  3  and  4  there  is 
shown  a  control  panel  49  for  the  apparatus  and  a 
harness  by  which  the  injectors  1  1  are  connected  to 
the  control  means.  Considering  first  the  injector 
connections  a  usual  plug  connector  39  from  each 
vehicle  injector  control  is  disconnected  from  the 
injector  1  1  at  the  commencement  of  an  operation. 
A  connector  42  from  harness  is  instead  plugged 
into  the  injector  and  a  further  connector  43  from 
the  harness  is  connected  to  the  vehicle  connector 
39.  Relays  44  and  45  are  provided  whereby  the 
electrical  supply  for  this  injector  may  be  switched 
between  that  of  the  vehicle  controls  and  that  of  the 
apparatus  20.  Thus  when  in  the  normal  running 
mode,  as  during  the  initial  running  phase  and  dur- 
ing  the  cleaning  phase,  supply  to  the  ignition  is 
through  the  vehicle  supply.  However  by  operation 
of  the  relays  44  and  45  to  switch  supply  to  the 
apparatus  20  each  injector  can  be  supplied  individ- 
ually  with  the  required  control  functions  such  as 
closed,  static  open  and  dynamic  open,  through  the 
apparatus  control  means.  For  this  purpose  the  ap- 
paratus  includes  relay  energising  means  46  con- 
trolled  by  switches  47  located  either  in  a  housing 
48  coupled  to  the  apparatus  or  by  a  housing  (not 
shown)  in  the  housing  28  itself. 

A  control  panel  49  on  the  apparatus  houses 
control  switches  50  for  the  operator  to  control  ener- 
gisation  of  the  valves  1-8,  the  pump  33  and  the 
sensor  30  according  to  the  function  to  be  per- 
formed.  For  ease  of  operation  the  control  means  is 
arranged  such  that  the  switches  50  effect  a  sepa- 
rate  phase  of  the  operating  cycle  such  as  a  clean- 
ing  phase,  an  emptying  phase  etc. 

A  control  51  is  also  provided  for  adjusting  the 
operational  pressure  of  regulator  32  according  to 
the  pressure  required  for  the  engine. 

It  will  be  appreciated  that  once  the  harness  is 
connected  up  to  each  of  the  injectors  the  injectors 
can  be  controlled  according  to  the  desired  mode 
without  further  connections  having  to  be  made. 
Simply  by  operating  the  relays  44  and  45  it  is 
possible  to  energise  the  injectors  or  an  injector  in 
the  necessary  manner. 

The  flow  rate  for  each  injector  is  capable  of 
being  measured  electrically  to  give  a  visual  read 
out  to  the  operator  using  the  system  described. 

The  apparatus  offers  various  features  which 
have  been  found  to  be  advantageous. 

By  measuring  flow  rates  through  the  injectors 
1  1  using  the  rate  of  decay  of  pressure  as  the  fuel 
flows  through  the  respective  injector  only  small 
quantities  of  fuel  pass  through  the  injector.  Since 
the  engine  is  not  operating  during  such  testing 
procedure  it  is  important  to  limit  the  amount  of  fuel 

Claims 

35  1.  Injector  cleaning/testing  apparatus  compris- 
ing  supply  means  (12,  13)  for  connection  with  the 
fuel  supply  system  (15)  of  a  vehicle,  the  supply 
means  (12,  13)  being  arranged  to  feed  fuel  and/or 
cleaning  fluid  to  the  fuel  supply  system  (15)  for 

40  discharge  through  vehicle  fuel  supply  injectors 
(11);  actuating  means  (42-48)  for  the  injectors  (11) 
whereby  the  injectors  are  individually  actuable; 
measuring  means  (30)  for  measuring  the  rate  of 
flow  of  fuel  through  individual  injectors;  and  control 

45  means  (1-8)  for  controlling  the  operation  of  the 
supply  means,  the  actuating  means  and  the  mea- 
suring  means;  characterised  in  that  the  measuring 
means  including  pump  means  (33)  for  pressurising 
the  supply  of  fuel  to  the  injectors  (1  1  ),  valve  means 

so  for  isolating  the  pressurised  fuel  supply,  and  pres- 
sure  measuring  means  (5)  for  measuring  the  pres- 
surised  fuel  supply  to  the  injectors  (11),  the  pres- 
sure  measuring  means  (5)  being  coupled  to  cal- 
culating  means  whereby  the  rate  of  change  of 

55  pressure  detected  by  the  measurino  means  (5)  is 
calculated  so  that  when  the  valve  means  (1-8)  is 
operated  and  the  injector  is  actuated  to  an  open 
condition  to  pass  the  pressurised  fuel  therethrough 
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trolled  according  to  the  desired  mode  of  operation 
of  the  injector  without  disconnection  of  the  elec- 
trical  connection  means  from  each  injector. 

9.  Apparatus  according  to  claim  8  characteris- 
ed  in  that  the  actuating  means  (42-48)  takes  the 
form  of  a  harness,  each  injector  (11)  having  an 
electrical  connector  (42)  attachable  to  its  contacts 
and  each  electrical  connector  being  associated  with 
switch  means  (44,  45)  for  that  connector,  each 
switch  means  being  individually  actuable  or  the 
switch  means  all  being  actuated  to  connect  the 
injectors  to  the  vehicle  injector  control  means. 

the  calculating  means  provides  a  signal  according 
to  the  rate  of  change  of  the  fuel  pressure  which 
corresponds  to  the  rate  of  flow  of  fuel  through  the 
injector. 

2.  Apparatus  according  to  claim  1  characteris-  5 
ed  in  that  the  measuring  means  includes  pressure 
regulating  means  (32)  whereby  the  fuel  pressure  in 
the  supply  to  the  injectors  (11)  is  at  a  predeter- 
mined  value  prior  to  actuation  of  the  selected  injec- 
tor.  10 

3.  Apparatus  according  to  claim  1  or  2  charac- 
terised  in  that  the  control  means  is  arranged  to 
operate  the  actuating  means  to  open  the  injector 
(11)  for  a  predetermined  period,  for  example  two  or 
three  seconds,  during  measuring  of  the  rate  of  flow  75 
through  the  injector. 

4.  Apparatus  according  to  claim  1,  2  or  3 
characterised  in  that  the  signal  from  the  calculating 
means  is  supplied  to  a  visual  display  unit  (30) 
which  gives  a  visual  indication  of  the  fuel  flow  rate  20 
through  the  selected  injector  (11).  ■ 

5.  Apparatus  according  to  any  one  of  the  pre- 
ceding  claims  characterised  in  that  the  supply 
means  includes  container  means  (26)  for  containing 
a  cleaning  fluid,  a  fuel  line  (14)  communicating  25 
between  a  fuel  pump  (13)  on  the  vehicle  and  the 
container  means  (26),  a  further  fuel  line  (22)  for 
communicating  between  the  container  means  (26) 
and  the  fuel  injectors  (11),  and  valve  means  (1-8) 
for  directing  and  controlling  the  flow  of  fuel  and  30 
cleaning  fluid  in  accordance  with  the  operation  of 
the  control  means,  whereby  fuel  from  the  vehicle 
fuel  pump  (13)  is  arranged  to  cause  the  cleaning 
fluid  in  the  container  (26)  to  pass  through  and  clean 
the  injectors  and  fuel  and  operate  the  engine.  35 

6.  Apparatus  according  to  claim  4  characteris- 
ed  in  that  the  fuel  line  to  the  container  means 
includes  a  regulator  (34)  which  regulates  the  pres- 
sure  in  the  fuel  by  returning  excess  fuel  from  the 
pump  (13)  to  the  vehicle  fuel  supply  tank  (12).  40 

7.  Apparatus  according  to  any  one  of  the  pre- 
ceding  claims  characterised  in  that  the  injector 
actuating  means  (42-48)  is  arranged  to  actuate  the 
injectors  (11)  selectively  from  a  closed  to  a  con- 
stantly  open  position  or  in  an  open/closed  cycle  45 
equivalent  to  the  normal  injector  operation  during 
running  of  the  engine. 

8.  Apparatus  according  to  any  one  of  the  pre- 
ceding  claims  characterised  in  that  the  injector 
actuating  means  (42-48)  comprises  electrical  con-  50 
nection  means  for  connection  to  the  electrical  con- 
tacts  of  each  injector  (11),  a  source  of  electrical 
power  communicating  with  the  connector,  switch 
means  (44,  45)  for  connecting  the  connector  selec- 
tively  with  electrical  control  and  supply  means  of  55 
the  vehicle  with  which  each  injector  is  normally 
associated  or  with  other  control  means  whereby 
each  injector  can  be  individually  actuated  and  con- 
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